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BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to an ink jet record- s 
ing method and apparatus for performing recording by 
ejecting ink droplets onto a recording medium and, 
more particularly, to an ink jet recording method and 
apparatus for performing a multi-pass print operation. 

10 

Related Background Art 

In recent years, OA equipments such as comput- 
ers, word processors, copying machines have widely 
become popular, and a large number of recording 15 
methods for recording apparatuses for these OA 
equipments have been developed. An ink jet record- 
ing apparatus has excellent features such as an easy 
high-definition recording operation, a high-speed op- 
eration, low noise, and an inexpensive structure. 20 

The ink jet recording apparatus is prepared with 
various recording modes in addition to a simple one- 
scan recording mode for the purpose of solving the 
problem associated with fixing characteristics of an 
ink on a recording medium such as a paper sheet, an 25 
OHP film, or the like, and preventing density nonuni- 
formity inherent to a recording head. 

Of these recording modes, a multi-pass print 
mode for performing recording by scanning a single 
recording head a plurality of number of times on a sin- 30 
gle region on a recording medium is popularly used in 
various purposes. 

For example, when a print operation is performed 
on a recording medium having no ink absorb ency or 
a very low ink absorbency, or when a color recording 35 
operation is performed on a recording medium having 
a low ink absorbency using a plurality of recording 
heads having different ink colors, an ink overflows on 
the recording medium, and causes stripe-like nonuni- 
form ity (called "beading") or blurring at a boundary be- 40 
tween different colors or densities (called "boundary 
blurring"), thus considerably deteriorating image qual- 
ity. In order to prevent "beading" or "boundary blur- 
ring" caused by the overflowed ink, a so-called thin 
multi-pass print mode is employed. In this mode, a 45 
single scan pattern is thinned in checkerboard pat- 
terns, and a plurality of thinning patterns are recorded 
a plurality of number of times, thereby finishing an im- 
age corresponding to all the recording data. 

In this thin multi-pass print mode, it is considered so 
that the following two effects reduce ink overflowing, 
and prevent "beading" or "boundary blurring". 

(1) The ink amount printed in each pass is de- 
creased as compared to that in a one- pass print 
mode, and an ink is absorbed into a recording me- 55 
dium within a short period of time. 

(2) The ink is dried during an interval between ad- 
jacent passes. 



Fig. 25 is a schematic diagram of an inkjet record- 
ing apparatus for executing a conventional thin multi- 
pass print mode. In Fig. 25, a recording head 1 has a 
plurality of ink ejection orifices, and a plurality of elec- 
trothermal converting elements as ejection energy 
generating elements arranged in correspondence 
with the ejection orifices. An ejection signal according 



to recording data is supplied to each electrotherma l 



converting ejemen^ by hea t 



causes a cha nge in state in an ink, t hereby ejecting 



arunjyjr^pjej^ 
The apparatus shown in Fig. 25 includes a carriage 2 
for holding the recording head, a guide shaft 3, ar- 
ranged to oppose a recording medium P which is in- 
termittently moved in a direction of an arrow in Fig. 25 
(sub scan direction) by a sub scan roller (not shown), 
for supporting the carriage 2, a carriage belt 4 for re- 
ciprocally moving the carriage 2 along the guide shaft 
3 (to perform a main scan operation), and a main scan 
motor 5 for driving the carriage belt. The apparatus 
also includes a print mode changing means 6 for 
changing a print mode automatically or in response to 
a manual switch operation of a user, a thin-print signal 
forming means 7 for, when the print mode changing 
means 6 selects the thin multi-pass print mode jorm- 



bfeU 



few 



ing thin-print signals for executing the thin multi-pass 



print mode from an input image signal (to be referred 
T51Is"aT3r1nT^ 

means 8 for driving the recording head 1 according to 
a signal from the thin-print signal forming means 7. A 
main scan motor drive signal forming means 9 forms 
a signal for driving the main scan motor. When the 
print mode changing means 6 selects the thin multi- 
pass print mode, the means 9 sequentially generates 
driving signals corresponding in number to passes. A 
main scan motor driving means 1 0 controls the driving 
operation of the main scan motor 5 according to the 
signal from the motor drive signal forming means. 

In this inkjet recording apparatus, the thin multi- 
pass print mode is executed as follows. When the 
print mode changing means 6 selects the thin multi- 
pass print mode automatically or in response to a 
manual switch operation by a user, an input image sig- 
nal shown in Fig. 26A is thinned according to a pre- 
determined thinning pattern (Fig. 26B) by the thin- 
print signal forming means 7 to be divided into thin- 
print signals S1 and S2, as shown in Figs. 26C and 
26D. Of these signals, the thin-print signal S1 is sup- 
plied to the head driving means 8 to drive the record- 
ing head 1 , and ink droplets are ejected from the ejec- 
tion orifices of the recording head 1. In synchronism 
with this head driving operation (in practice, a required 
minimum pass interval before the head driving oper- 
ation), the main scan motor drive signal forming 
m ans 9 generates a main scan drive signal for the 
carriage, and the main scan motor 5 is driven accord- 
ing to a signal from the driving means. Thus, the car- 
riage 2 is moved along the guide shaft 3 to perform the 
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first-pass print op ration. Upon completion of the print 
operation, the main scan motor 5 is driven in the re- 
verse direction, and the carriage 2 is returned to the 
start position. The remaining thin-print signal S2 is 
then supplied to the head driving means 8 to drive the 5 
recording head 1, and the second-pass print opera- 
tion is performed in the same manner as in the first 
pass. Thereafter, the apparatus prepares for the print 
operation of the next line. 

During this interval, since the sub scan roller (not 10 
shown) is controlled not to move the recording me- 
dium P, the thin two-pass print operation can be real- 
ized. The thin two- pass print operation has been de- 
scribed. However, the same applies to multi-pass 
print modes using three or more passes. 1 5 

Upon execution of the above-mentioned thin mul- 
ti-pass print operation, in order to prevent an ink from 
overflowing on the recording medium, the number of 
times of multi-pass print operations is set to prevent 
"blurring" when a print operation is performed on the 20 
recording medium at the possibly highest ink density 
in an environment with the lowest ink drying speed 
among possible use environmental conditions. In ad- 
dition, in order to prevent a decrease in throughput, 
the interval between the first and second passes (to 25 
be referred to as a multi-pass interval hereinafter) is 
set so that the print operation is started as soon as 
data are prepared. 

For this reason, in order to output an image free 
from defects such as "beading", "boundary blurring", 20 
and the like, the number of times of passes is set to 
be very large, and this results in promotion of a mech- 
anical wear of sliding portions, an increase in dust at- 
tachment frequency of the recording head, a complex 
electrical circuit for forming thinning data, and the like. 35 
Thus, an inexpensive ink jet recording apparatus 
which can output a high-quality image, and has high 
durability and reliability, cannot be constituted. 



cording medium so as to obtain a desired image free 
from blurring. 

It is still another object of the present invention to 



SUMMARY OF THE INVENTION 



40 



The present invention has been made in consid- 
eration of the above situation, and has as its object to 
provide an improved ink jet recording method and ap- 
paratus. 45 

It is another object of the present invention to pro- 
vide a low-cost ink jet recording method and appara- 
tus, which can output a high-quality image, and ach- 
ieves high durability and reliability. 

It is still another object of the present invention to so 
provide an ink jet recording method and apparatus, 
which can record a high-quality image without caus- 
ing an unnecessary decrease in throughput 

It is still another object of the present invention to 
provide an ink jet recording method and apparatus, 55 
which records a plurality of thin images a plurality of 
number of times at an interval equal to or longer than 
a required minimum interval on a single region of a re- 



provide an ink jet recording method and apparatus, 



which records a plurality of thin images a plurality of 



number of times at a Pjrojper interval based I on a pre- 



determined condition on a single region of a recording 
medium so as to obta i n a desired image free from blur- 

The above and other objects of the present inven- 
tion will become apparent from the following descrip- 
tion taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an ink jet record- 
ing apparatus according to the first embodiment 
of the present invention; 

Fig. 2 is a table showing the correspondence be- 
tween the number of times of print passes and the 
required minimum pass interval in the first em- 
bodiment; 

Fig. 3 is a schematic diagram of an ink jet record- 
ing apparatus according to the second embodi- 
ment of the present invention; 
Fig. 4 is a table showing the correspondence be- 
tween the number of times of print passes and the 
required minimum pass interval in the second em- 
bodiment; 

Fig. 5 is a schematic diagram of an ink jet record- 
ing apparatus according to the third embodiment 
of the present invention; 

Fig. 6 is a table showing the correspondence be- 
tween the number of times of print passes and the 
required minimum pass interval in the third em- 
bodiment; 

Fig. 7 is a schematic diagram of an ink jet record- 
ing apparatus according to the fourth embodi- 
ment of the present invention; 
Figs. 8A and 8B are views for explaining a method 
of obtaining a print duty; 

Fig. 9 is a table showing the correspondence be- 
tween the maximum print duty and the multi-pass 
print interval; 

Fig. 10 is a graph showing the relationship be- 
tween the print duty and the pass interval neces- 
sary for preventing beading; 
Fig. 1 1 is a table showing the correspondence be- 
tween the maximum print duty and the multi-pass 
interval; 

Fig. 12 is a schematic diagram of an ink jet record- 
ing apparatus according to the fifth embodiment 
of the present invention; 

Figs. 1 3A to 1 3E are views for explaining a meth- 
od of obtaining a mixed color print duty; 
Fig. 14 is a graph showing the relationship be- 
tween the print ink density and the required pass 
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interval; 

Fig. 1 5 is a tabl showing the correspondence be- 
tween the maximum print ink density and the pass 
interval; 

Fig. 1 6 is a schematic diagram of an ink jet record- 
ing apparatus according to the sixth embodiment 
of the present invention; 

Fig. 1 7 is a table showing the correspondence be- 
tween the relative humidity and the multi-pass in- 
terval; 

Fig. 18 is a graph showing the relationship be- 
tween the relative humidity and the required pass 
interval; 

Fig. 1 9 is a table showing the correspondence be- 
tween the relative humidity and the multi-pass in- 
terval; 

Fig. 20 is a schematic diagram of an ink jet record- 
ing apparatus according to the seventh embodi- 
ment of the present invention; 
Fig. 21 is a graph showing the relationship be- 
tween the relative humidity and the pass interval 
when the print ink density is used as a parameter; 
Fig. 22 is a schematic diagram of an ink jet record- 
ing apparatus according to the seventh embodi- 
ment of the present invention; 
Fig. 23 is a graph showing the relationship be- 
tween the print duty of a post-printed color and 
the multi-pass interval; 

Fig. 24 is a table showing the correspondence be- 
tween the maximum print duty and the multi-pass 
interval; 

Fig. 25 is a schematic diagram of an ink jet record- 
ing apparatus for performing a conventional multi- 
pass print operation; and 
Figs. 26A to 26D are views for explaining thinning 
patterns. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail hereinafter with refer- 
ence to the accompanying drawings. 

Note that the present invention is not limited to the 
embodiments to be described below, and includes va- 
rious modifications within the range described in the 
scope of claims. 

[First Embodiment] 

Fig. 1 is a schematic diagram of an ink jet record- 
ing apparatus adopting the present invention. In Fig. 
1 , constituting members 1 to 7 are the same as those 
in Fig. 25. This apparatus includes a multi-pass inter- 
val control means 18 used in a multi-pass print mode, 
a head driving means 19, a main scan motor drive sig- 
nal forming means 20, and a main scan motor driving 
means 21. 



A multi-pass print interval in the ink jet recording 
apparatus with this arrangement is controlled as fol- 
lows. 

When a print mode changing means 6 selects the 

5 thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user, an in- 
put image signal is input to a thin-print data forming 
means 7, and is divided into thin-print signals S1 and 
S2 by the same method described in Figs. 26A to 26D. 

10 The thin-print signals S1 and S2 are sequentially sup- 
plied to the multi-pass interval control means 18. The 
multi-pass interval control means 18 supplies the thin- 
print signals S1 and S2 to the head driving means 19 
at an interval longer than a required minimum pass in- 

15 terval, thereby driving a recording head 1. In syn- 
chronism with this operation, the main scan motor 
drive signal forming means 20 forms a main scan mo- 
tor drive signal, and supplies it to the main scan motor 
driving means 21 . As a result, a main scan motor 5 is 

20 driven to move a carriage 2, and a two- pass print op- 
eration of the first line is performed. 

As a method of controlling the multi-pass interval 
in the multi-pass interval control means 18, the follow- 
ing method may be proposed. The multi-pass interval 

25 control means has at least memories M1 and M2 for 
holding thin-print data, a multi-pass interval measure- 
ment timer T, a comparator H for comparing a re- 
quired minimum pass interval Ts with the value of the 
multi-pass interval measurement timer T, and an out- 

30 put means for outputting print data in the memories to 
the head driving means 19. After thin-print data S1 in 
the memory M1 is output to the head driving means 
1 9, the multi-pass interval measurement timer T starts 
a time count operation, and at the same time, the com- 

35 parator H begins to compare the value of the timer T 
and the required minimum pass interval Ts. When the 
comparator H determines that the value of the multi- 
pass interval measurement timer T exceeds the re- 
quired minimum pass interval Ts, thin-print data S2 in 

40 the memory M2 is output to the head driving means 
19. In this manner, an interval equal to or longer than 
the required minimum pass interval can always be 
formed between the first and second passes. 

In our experiments, the bubble ink jet recording 

45 head of the printer BJ330 available from CANON INC. 
was used as a recording head, the black ink for the 
printer BJ330 was used as an ink, and a recording me- 
dium prepared by forming a 2-u. thick polyvinyl alcohol 
(PVA) coat on a polyethylene terephthalate (PET) film 

so was used. The experiments were conducted in an en- 
vironment at a temperature of 35°C and a relative hu- 
midity of 90%. As a result, the relationship between 
the number of times of print passes and the required 
minimum pass interval, which relation is necessary for 

55 preventing beading, is as shown in the table of Fig. 2. 
Thus, when the required minimum pass interval Ts 
was set to be 3 sec, and a thin two-pass print opera- 
tion was performed, beading was prevented in the thin 
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two-pass print operation, and a high-quality image 
could be printed. Thus, the number of times of print 
passes could be decreased. 

Note that the required minimum pass interval Ts 
does not include a time t after the print operation of the 
first pass is started until the carriage 2 is returned to 
the home position, and the scan operation of the sec- 
ond pass is enabled. Therefore, an actual pass inter- 
val is a time longer than the time Ts obtained from Fig. 
2 by the time t 

[Second Embodiment] 

Another embodiment of the present invention will 
be described below. 

Fig. 3 shows an embodiment wherein the present 
invention is applied to an ink jet recording apparatus, 
which has a plurality of recording heads for ejecting 
inks of different colors, and performs color image re- 
cording. The apparatus shown in Fig. 3 includes re- 
cording heads 31K, 31C, 31M, and 31Y for respec- 
tively ejecting black, cyan, magenta, and yellow inks, 
a carriage 32 for holding these four recording heads, 
a thin-print data forming means 27 for forming thin- 
ning pattern signals (Figs. 26A to 26D) of the respec- 
tive colors from color print signals S Y , S M , S c , and S K , 
and a multi-pass interval control means 28 for control 
to set a pass interval in a multi-pass print mode to be 
an interval equal to or longer than the required mini- 
mum interval, as will be described later. 

Multi-pass print interval control based on a print 
duty in the ink jet recording apparatus with the above 
arrangement is performed as follows. 

When a print mode changing means 6 selects the 
thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user , print 
signals are supplied to the thin- print data forming 
means 27. The thin-print data forming me ans 27 div- 
ides the p rint signals into thin-printsig nals S1 (for four 
colors) and thin-printsignals S2 (for four colors) by the 
same^metnoj^isVjn ^^ supplies 
these Jjin-printji^ 

trol megj i^ contr ol Ijpgags, 
28 supplies the thin-print signals S1 and S2 at an in- 
tervaTToTigeTl^ 
like^n"7he~f^^ 

cording heads 31 Y, 31M, 31 C, and 31 K. In synchron- 
ism with this operation, a main scan motor drive signal 
forming means 20 forms a main scan motor drive sig- 
nal, and supplies it to a main scan motor driving 
means 21. As a result, a main scan motor 5 is driven 
to move the carriage 32, and a two-pass print opera- 
tion of the first line is performed. 

In our experiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of the printer BJ330 
available from CANON INC. was used as a recording 
head, the black ink for the printer BJ330 and color inks 
prepared hy mfring qyp n. maaentg. and yellow dyes 



20 



25 



30 



35 



40 



45 



50 



55 



in a clear ink (an ink excluding a dye) were used as 
inks, and a PPC paper sheet was used as a recording 
medium. The experiments were conducted in an en- 
vironment at a temperature of 35°C and a relative hu- 
midity of 90%. The table of Fig. 4 shows the relation- 
ship between the number of times of print passes and 
the required minimum pass interval, which relation- 
ship is necessary for preventing "boundary blurring" 
at a boundary between different colors which occurs 



10 in a two-co lor mix i n g print oj^e ration at a £ u ty^ J Q0% 



j nj^hejgnyentional ft i n two- pass print mode. Thus, 
when the required minimum pass interval Ts was set 



to be 6 sec, and a thin two-pass print opera tio n was 
perfom^e^^o^ be p r evented in 



15 the thin two-pass print operation, and a high-quality 



*1 

0.1 



image^coujd b e printed ^ As a result, the number of 
times of print passes could be greatly decreased. Fur- 
thermore, since a time necessary for forming thin- 
print data can be prolonged, thin-print data can be 
formed in a color sequential manner. Thus, electrical 
processing can be simplified, and a tow-cost electrical 
circuit board can be provided as compared to a case 
wherein thin-print data are parallelly formed in units of 
colors. 

In this embodiment, an actual pass interval is also 
longer than a time obtained from Fig. 4 by the above- 
mentioned time t 

[Third Embodiment] 

Fig. 5 shows an embodiment wherein the present 
invention is applied to a multi-pass print method for- 
sequentially recording four colors. The same refer- 
ence numerals in Fig. 5 denote the same parts as in 
Fig. 3. The apparatus of this embodiment further in- 
cludes a multi-pass interval control means 38. 

Multi-pass print interval control in the ink jet re- 
cording apparatus with the above arrangement is per- 
formed as follows. When a print mode changing 
means 6 selects the thin multi-pass print mode auto- 
matically or in response to a manual switch operation 
by a user, print signals S Y , S M , S c , and S K supplied to 
the multi-pass interval control means 38 are sequen- 
tially transferred to a head driving means 29 color by 
color in each pass at an interval longer than the re- 
quired minimum pass interval, thereby driving corre- 
sponding heads. In synchronism with this operation, 
a main scan motor drive signal forming means 20 
forms a main scan motor drive signal, and supplies it 
to a main scan motor driving means 21. As a result a 
main scan motor is driven to move a carriage 32, and 
a four-pass print operation of the first line is per- 
formed. 

In our experiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of th printer BJ330 
available from CANON INC. was used as a recording 
head, the black ink for the printer BJ330 and color inks 
prepared by mixing cyan, magenta, and yellow dyes 
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in a clear ink (an ink excluding a dye) were used as 
inks, and a PPC paper sheet was used as a recording 
medium. The experiments were conducted in an en- 
vironment at a temperature of 35°C and a relative hu- 
midity of 90%. The table of Fig. 6 shows the relation- 
ship between the number of times of print passes and 
the required minimum pass interval, which relation- 
ship is necessary for preventing "boundary blurring" 
at a boundary between different colors which occurs 
in a two-color mixing print operation at a duty of 1 00% 
in a conventional color-sequential four-pass print 
mode. Thus, when the required minimum pass inter- 
val Ts was set to be 6 sec, and a color-sequential four- 
pass print operation was performed, "boundary blur- 
ring" could be prevented in the thin two-pass print op- 
eration, and a high-quality image could be printed. As 
a result, the number of times of print passes could be 
greatly decreased. Furthermore, since thin-print data 
need not be formed, a circuit for forming thin- print data 
can be omitted, and cost can be greatly decreased. 

In the third embodiment, the pass interval is fixed 
in the color-sequential multi-pass print mode.±tow^_ 
ever, when different multi-pass intervals are set in cor- 



respondence with different colors, ^boundary blurring" 



can be more effectively prevented^ For example, 
when the color-sequential four- pass print operation is 
performed in the order of cyan, magenta, yellow, and 
black, the print intervals of yellow and black are set to 
be longer than those of the remaining colors, thereby 
effectively preventing "boundary blurring". 

Furthermore, the multi-pass interval may also be 
controlled depending on a difference in types of re- 
cording media (a PPC paper sheet, an ink jet coat pa- 
per sheet, and the like), an environmental condition, 
and a difference in recording modes (a two-pass 
mode, a four-pass mode, and the like). 

In this manner, when the print interval in the multi- 
pass print mode is controlled to be set to be always 
longer than the required minimum interval, an inex- 
pensive apparatus, which can output a high-quality 
image, and has high durability and reliability, can be 
realized. 

In the above embodiment the multi-pass interval 
is constant. However, when a recording apparatus is 
used in an environment with a high drying speed of an 
ink, or when the print operation with a low ink density 
is to be performed, the multi-pass interval may be 
shortened to further improve the throughput This em- 
bodiment will be described below. 

[Fourth Embodiment] 

Fig. 7 is a schematic diagram of an Inkjet record- 
ing apparatus of this embodiment In Fig. 7, constitut- 
ing members 1 to 6 are the same as those shown in 
Fig. 25. The apparatus shown in Fig. 7 includes a print 
duty detecting means 117 for detecting a maximum 
print duty in one line of a print signal S, a multi-pass 



interval control signal forming means 118 for d t r- 
mining a multi-pass print interval according to a signal 
from the print duty detecting means 117, and forming 
a multi-pass interval control signal, a thin-print signal 

5 forming means 1 19, a head driving means 120, a main 
scan motor drive signal forming means 121, and a 
main scan motor driving means 122. 

Multi-pass print interval control based on a print 
duty in the ink jet recording apparatus with the above 

10 arrangement is performed as follows. 

When a print mode changing means 6 selects the 
thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user, an in- 
put image signal is supplied to the print duty detecting 

15 means 1 17 to detect the maximum value of print du- 
ties in one line. The detected maximum value is sup- 
plied as a signal to the multi-pass interval control sig- 
nal forming means 118. 

A method of detecting the maximum value of print 

20 duties in this embodiment is as follows. 

As shown in Fig. 8A, a pixel range B (indicated by 
hatching in Fig. 8A) including the specific number N 
of pixels (in this embodiment, N = 9) is assumed, and 
the number n of print pixels (n = 1 in the range B in 

25 Fig. 6A) in the range is checked to calculate n/N. 
Thus, n/N is determined as a print duty D at a central 
pixel C. The print duty determined in this manner is 
obtained for all the pixels in a print region, and the 
maximum value of the obtained print duties is deter- 

30 mined as a maximum value of print duties in one line. 
Fig. 8B shows print duties of pixels in a print pattern 
shown in Fig. 8A, which are obtained by the above- 
mentioned method. In this case, the maximum value 
of the print duties is that of a pixel surrounded by a 

35 bold line in Fig. 8B, i.e., D = 9/9 (= 100%). 

The multi-pass interval control signal forming 
means 118 determines a multi-pass interval accord- 
ing to a signal indicating the maximum print duty input 
from the print duty detecting means 117, and forms a 

40 multi-pass interval control signal. This signal is sent 
to the thin-print signal forming means 119. The multi- 
pass interval is determined on the basis of, e.g., a ta- 
ble in Fig. 9 showing the correspondence between the 
maximum print duty and the multi-pass print interval 

45 (an arbitrary unit in Fig. 9). The multi-pass interval 
control signal for controlling a transfer interval of thin- 
print data is formed so that the print operations can be 
performed at the determined multi-pass interval, and 
is supplied to the thin-print signal forming means 119. 

so The thin-print signal forming means 119 divides an in- 
put print signal into thin-print signals S1 and S2 by the 
same method as in Figs. 26A to 26D, and sequentially 
supplies the thin-print signals to the head driving 
means 120 at a corresponding time interval according 

55 to th multi-pass interval control signal, thereby driv- 
ing a recording head 1 . In synchronism with this op- 
eration, the main scan motor drive signal forming 
means 1 21 forms a main scan motor driv signal, and 

6 
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supplies it to the main scan motor driving means 122. 
As a result a main scan motor 5 is driven to move a 
carriage 2, and a two-pass print operation of the first 
line is performed. 

In our xperiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of the printer BJ330 
available from CANON INC. was used as a recording 
head, the black ink for the printer BJ330 was used as 
an ink, and a recording medium prepared by forming 
a 2-n thick polyvinyl alcohol (P VA) coat on a polyethy- 
lene terephthalate (PET) film was used. The experi- 
ments were conducted in an environment at a temper- 
ature of 35° C and a relative humidity of 90%. When 
an image was printed in the conventional thin two- 
pass print mode, the above-mentioned "beading" 
could not be prevented unless the interval between 
the first and second passes was set to be 3 sec or 
more. When the conventional thin-print pass method 
is used, if the pass interval in the two-pass print mode 
is set to be 3 sec, the print time is prolonged by about 
200 sec per A4-size recording medium as compared 
to a one-pass print mode independently of the print 
duty. 

However, according to our experiments, a pass 
interval necessary for preventing "beading" in the two- 
pass print mode tends to be shortened as the print 
duty becomes lower, as shown in the graph of Fig. 1 0. 
Thus, a table showing the correspondence between 
the maximum print duty and the pass interval was cre- 
ated, as shown in Fig. 1 1 , and the multi-pass interval 
control described in the above embodiment was per- 
formed. At this time, as a print image, when an image 
at a duty of 100% was printed on the upper half of an 
A4-size recording medium, and an image at a duty of 
30% was printed on the lower half of the recording me- 
dium, the print time could be shortened by about 100 
sec as compared to the conventional thin multi-pass 
print method, and an image free from image quality 
deterioration such as "beading" could be obtained, 
thus providing remarkable effects. 

Note that the required minimum pass interval in 
Fig. 10 does not include a time t after the print oper- 
ation of the first pass is started until the carriage 2 is 
returned to the home position, and the scan operation 
of the second pass is enabled. Therefore, an actual 
pass interval is a time longer than the time obtained 
from Fig. 11 by the time L 

[Fifth Embodiment] 

Still another embodiment of the present invention 
will be described below. 

Fig. 1 2 shows an embodiment wherein the pres- 
ent invention is applied to an ink jet recording appa- 
ratus which has a plurality of recording heads for 
ejecting different color inks to perform color image re- 
cording. 

The apparatus shown in Fig. 12 includes record- 



ing heads 131K, 131C, 131M, and 1 31 Y for respec- 
tively ej cting black, cyan, magenta, and yellow inks, 
a carriage 1 32 for holding these four recording heads, 
and a mixed color print ink density detecting means 

5 137. Note that constituting members 3 to 6 and 118 
to 122 are the same as those in Fig. 7. 

Multi-pass print interval control based on a print 
duty in the ink jet recording apparatus with the above 
arrangement is performed as follows. 

10 When a print mode changing means 6 selects the 
thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user, an in- 
put image signal is supplied to the mixed color print 
ink density detecting means 137 to predict a maxi- 

15 mum value of print ink densities in one line. The pre- 
dicted maximum value is supplied as a signal to a mul- 
ti-pass interval control signal forming means 118. 

A method of predicting the maximum value of 
print ink densities of a mixed color portion of a color 

20 image in this embodiment is as follows. 

The print duty per pixel of each color is obtained 
by the method described in the fourth embodiment 
with reference to Figs. 8A and 8B. The print duties per 
pixel at the same pixel position of the respective col- 

25 ors are added to obtained a mixed color print duty at 
that pixel position. This mixed color print duty is de- 
termined as a mixed color print ink density of each pix- 
el, and the maximum value of the mixed color print ink 
densities is then obtained. Figs. 13A to 13E show an 

30 example. In Figs. 1 3A to 1 3E, as for a pixel of interest 
(a pixel surrounded by a bold line), the K print duty is 
6/9, the C print duty is 4/9, the M print duty is 0/9, and 
the Y print duty is 5/9. Thus, the mixed color print duty 
to be obtained (i.e., the print ink density) is 6/9 + 4/9 

35 +0/9 + 5/9 = 15/9. 

The multi-pass interval control signal forming 
means 118 determines a multi-pass interval accord- 
ing to a signal indicating the maximum print duty input 
from the mixed color print ink density detection means 

40 137, and forms a multi-pass interval control signal. 
This signal is supplied to a thin-print signal forming 
means 119. The thin-print signal forming means 119 
divides print signals into thin-print signals S1 (for four 
colors) and thin-print signals S2 (for four colors) by the 

45 same method as in Figs. 26A to 26 D, and sequentially 
supplies these thin-print signals to a head driving 
means 120 at a corresponding time interval according 
to the multi-pass interval control signal, thereby driv- 
ing the recording heads 131 K, 131C, 131M, and 

so 1 31 Y. In synchronism with this operation, a main scan 
motor drive signal forming means 121 forms a main 
scan motor drive signal, and supplies it to a main scan 
motor driving means 1 22. As a result, a main scan mo- 
tor 5 is driven to move the carriage 132, and a two- 

55 pass print operation of the first line is performed. 

In our experiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of the printer BJ330 
available from CANON INC. was used as a recording 
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head, th black ink for the printer BJ330 and color inks 
prepared by mixing cyan, magenta, and yellow dyes 
in a clear ink (an ink excluding a dye) were used as 
inks, and a PPC paper sheet was used as a recording 
medium. The experiments were conducted in an en- 5 
vironment at a temperature of 35°C and a relative hu- 
midity of 90%. In a two-color mixing print operation at 
a duty of 1 00% in the conventional thin two-pass print 
mode, "boundary blurring" at a boundary between dif- 
ferent colors occurred, and image quality was consid- 10 
erably deteriorated. Thus, a satisfactory image could 
not be obtained unless the interval between the first 
and second passes was set to be 6 sec or more. When 
the conventional thin-print pass method is used, if the 
pass interval in the two- pass print mode is set to be 6 15 
sec, the print time is prolonged by about 400 sec per 
A4-size recording medium as compared to a one- 
pass print mode independently of the print ink density. 

However, according to our experiments, a pass 
interval necessary for preventing "boundary blurring" 20 
in the two-pass print operation tends to be abruptly 
shortened as the maximum print ink density becomes 
lower, as shown in the graph of Fig. 14. Thus, the mul- 
ti-pass interval control described in the above em- 
bodiment was performed according to a table showing 25 
the correspondence between the maximum ink den- 
sity and the pass interval, as shown in Fig. 15. At this 
time, as a print image, when a block pattern in which 
different two-color mixed blocks at a duty of 100% 
were aligned was printed on the upper half of an A4- 30 
size recording medium, and a two-color mixed image 
at a print duty of 30% was printed on the lower half of 
the recording medium, the print time could be short- 
ened by about 200 sec as compared to the conven- 
tional thin multi-pass print method, and an image free 35 
from image quality deterioration such as "boundary 
blurring" could be obtained, thus providing remark- 
able effects. 

In this embodiment, an actual pass interval is also 
longer by the time t than the time obtained from Fig. 40 
15. 

[Sixth Embodiment] 

Fig. 16 shows the sixth embodiment of the pres- 45 
ent invention. The same reference numerals in Fig. 1 6 
denote the same constituting members as in Fig. 12. 
The apparatus shown in Fig. 16 includes a relative hu- 
midity detector (e.g., a semiconductor humidity sen- 
sor) 147 arranged on a carriage 132, a relative humid- so 
ity detecting means 148 for detecting a relative humid- 
ity near a recording unit upon reception of a signal 
from the relative humidity detector 147, a multi-pass 
interval control signal forming means 149 for deter- 
mining a multi-pass print interval according to a signal 55 
from the relative humidity detecting means 148, and 
forming a multi-pass interval control signal, a thin- 
print signal forming means 150, a head driving means 
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151, a main scan motor drive signal forming means 

152, and a main scan motor driving means 153. 
Multi-pass print interval control based on a print 

duty in the ink jet recording apparatus with the above 
arrangement is performed as follows. 

When a print mode changing means selects the 
thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user, the 
relative humidity detecting means 148 drives the rel- 
ative humidity detector 147 to detect a relative humid- 
ity near the relative humidity detector 147, and sup- 
plies it as a signal to the multi-pass interval control 
signal forming means 149. The multi-pass interval 
control signal forming means 149 determines a multi- 
pass interval according to the input relative humidity 
signal, and forms a multi-pass interval control signal. 
The multi-pass interval control signal is supplied to 
the thin-print signal forming means 150. The multi- 
pass interval is determined on the basis of, e.g., a ta- 
ble in Fig. 17 showing the correspondence between 
the relative humidity and the multi-pass print interval 
(an arbitrary unit in Fig. 17). The multi-pass interval 
control signal for controlling the transfer interval of 
thin-print data is formed, so that the print operations 
can be performed at the determined multi-pass inter- 
val, and is supplied to the thin-print signal forming 
means 150. 

The thin-print signal forming means 150 divides 
print signals into thin- print signals S1 (for four colors) 
and thin-print signals S2 (for four colors) by the same 
method as in Figs. 26A to 26D, and sequentially sup- 
plies these thin-print signals to the head driving 
means 1 51 at a corresponding time interval according 
to the multi-pass interval control signal, thereby driv- 
ing heads. In synchronism with this operation, the 
main scan motor drive signal forming means 152 
forms a main scan motor drive signal, and supplies it 
to the main scan motor driving means 1 53. As a result, 
a main scan motor 5 is driven to move the carriage 
1 32, and a two- pass print operation of the first line is 
performed. 

In our experiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of the printer BJ330 
available from CANON INC. was used as a recording 
head, the black ink for the printer BJ330 and color inks 
prepared by mixing cyan, magenta, and yellow dyes 
in a clear ink (an ink excluding a dye) were used as 
inks, and a PPC pa per sheet was used as a recording 
medium. The experiments were conducted in an en- 
vironment at a temperature of 35°C and a relative hu- 
midity of 90%. In a two-color mixing print operation at 
a duty of 100% in the conventional thin two- pass print 
mode, "boundary blurring" at a boundary between dif- 
ferent colors occurred, and image quality was consid- 
erably deteriorated. Thus, a satisfactory image could 
not be obtained unless the interval between the first 
and second passes was set to be 6 sec or more. 

When the conventional thin-print pass method is 



04/16/2002, EAST Version: 1.03.0002 



15 



EP 0 516 420 A2 



16 



used, if the pass interval in the two-pass print mode 
is set to be 6 sec, th print time is prolonged by about 
400 sec per A4-size recording medium as compared 
to a one-pass print mode independently of the print ink 
density. However, according to our experiments, a 
pass interval necessary for preventing "boundary 
blurring" in the two-pass print operation tends to be 
shortened as the relative humidity near the print unit 
becomes lower in an environment at 35°C, as shown 
in the graph of Fig. 18. Thus, a table showing the cor- 
respondence between the relative humidity and the 
pass interval was created, as shown in Fig. 19, and 
the multi-pass interval control described in the above 
embodiment was performed. At this time, as a print 
image, when a block pattern in which different two- 
color mixed blocks at a duty of 100% were aligned 
was printed on the entire surface of an A4-size record- 
ing medium in an environment at a relative humidity 
of 50%, the print time could be shortened by about 
200 sec as compared to the conventional thin multi- 
pass print method, and an image free from image 
quality deterioration such as "boundary blurring" 
could be obtained, thus providing remarkable effects. 

In this embodiment, an actual pass interval is also 
longer by the time t than the time obtained from the ta- 
ble shown in Fig. 19. 

[Seventh Embodiment] 

Fig. 20 shows the seventh embodiment of the 
present invention. The same reference numerals in 
Fig. 20 denote the same constituting members as 
those in Figs. 12 and 16. In Fig. 20, a multi-pass in- 
terval control signal forming means 1 54 determines a 
multi-pass print interval on the basis of signals from a 
humidity detecting means 148 and a mixed color print 
ink density detecting means 137, and forms a multi- 
pass interval control signal. The multi-pass interval 
control signal is supplied to a thin-print signal forming 
means 150, and a multi-pass print operation is per- 
formed in the same manner as in the sixth embodi- 
ment. 

The relationship between the relative humidity 
and the multi-pass interval when the print ink density 
is used as a parameter has characteristics, as shown 
in Fig. 21. More specifically, as the print ink density 
becomes higher, the multi-pass interval must be pro- 
longed. Also, as the humidity becomes higher whfle 
the print ink density is kept constant, the multi-pass in- 
terval must be prolonged. Thus, a table showing the 
correspondence among the maximum ink density, the 
relative humidity, and the pass interval can be created 
on the basis of the characteristics like in the above 
embodiment so as to control the multi-pass interval. 

[Eighth Embodiment] 

Fig. 22 shows an embodiment wherein the pres- 



ent inv ntion is applied to a multi-pass print method 
for performing recording in a four-color sequential 
manner. The same reference numerals in Fig. 22 de- 
note the same constituting members as those in Fig. 

5 12. The apparatus shown in Fig. 22 includes a print 
duty detecting means 167, a multi-pass interval con- 
trol means 168, and a multi-pass interval control sig- 
nal forming means 169. 

Multi-pass print interval control in the ink jet re- 

w cording apparatus with this arrangement is performed 
as follows. 

When a print mode changing means 6 selects the 
thin multi-pass print mode automatically or in re- 
sponse to a manual switch operation by a user, an in- 

15 put image signal is supplied to the print duty detecting 
means 1 67, and the maximum print duty in one line of 
each color is detected by the same method as in the 
fourth embodiment. The detected maximum print duty 
is supplied as a signal to the multi-pass interval con- 

20 trd signal forming means 1 69. The multi-pass interval 
control signal forming means 169 determines a multi- 
pass interval according to the input maximum print du- 
ties of the respective colors, and forms a multi-pass 
interval control signal. The multi-pass interval control 

25 signal is supplied to the multi-pass interval control 
means 168. 

As a means for determining the multi-pass inter- 
val on the basis of the maximum print duties of the re- 
spective colors, a table showing the correspondence 
30 between the maximum print duty and the multi-pass 
interval is created on the basis of the maximum print 
duty of a color to be printed like in the above embodi- 
ment, and the multi-pass interval is determined on the 
basis of this table. 
35 Print signals S Y , S M , S c , and S K supplied to the 

multi-pass interval control means 168 are sequential- 
ly transferred to a head driving means 120 color by 
color in each pass at the multi-pass interval deter- 
mined by the multi-pass interval control signal, there- 
to by driving recording heads 131Y, 131M, 131C, and 
1 31 K. In synchronism with this operation, a main scan 
motor drive signal forming means 121 forms a main 
scan motor drive signal, and supplies it to a main scan 
motor driving means 122. Thus, a main scan motor 5 
45 is driven to move a carriage 1 32, and a four- pass print 
operation of the first line is performed. 

In our experiments, the bubble ink jet recording 
head (360 dpi, driven at 5 kHz) of the printer BJ330 
available from CANON INC. was used as a recording 
so head, the black ink for the printer BJ330 and color inks 
prepared by mixing cyan, magenta, and yellow dyes 
in a clear ink (an ink excluding a dye) were used as 
inks, and a P PC paper sheet was used as a recording 
medium. A color-sequential four-pass print operation 
55 was performed in the order of cyan, magenta, yellow, 
and black in an environment at a temperature of 35°C 
and a relative humidity of 90%. In a two-color mixing 
print operation at a duty of 100%, "boundary blurring 0 
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occurred at a boundary between different colors, and 
image quality was consid rably deteriorated. Thus, a 
satisfactory image could not be obtained unless the 
interval between adjacent passes was set to be 6 sec 
or more. When the conventional thin-print pass meth- 5 
od is used, if the pass interval in the two-pass print 
mode is set to be 6 sec, the print time is prolonged by 
about 1,200 sec per A4-size recording medium as 
compared to a one- pass print mode independently of 
the print duty. However, according to our expert- 10 
ments, a pass interval necessary for preventing 
"boundary blurring" upon execution of the color-se- 
quential multi-pass print operation tends to be short- 
ened as the maximum print duty of a post-printed col- 
or becomes lower when an image at a duty of 100% 15 
is previously printed. Thus, a table showing the cor- 
respondence between the maximum print duty and 
the multi-pass interval was created, as shown in Fig. 
24, and the multi-pass interval control described 
above was performed. At this time, as a print image, 20 
when a block pattern in which different two-color 
mixed blocks at a duty of 100% were aligned was 
printed on the upper half of an A4-size recording me- 
dium, and a two-color mixed image at a print duty of 
30% was printed on the lowerhalf of the recording me- 25 
dium, the print time could be shortened by about 800 
sec as compared to the conventional thin multi-pass 
print method, and an image free from image quality 
deterioration such as "boundary blurring" could be ob- 
tained, thus providing remarkable effects. Further- 30 
more, the ink density of the mixed color portion need 
not be detected, and thin-print data need not be 
formed. Therefore, electrical circuits for these opera- 
tions can be omitted, and cost can be greatly reduced. 

35 

[Other Embodiments] 

In the above embodiments, upon execution of col- 
or image recording, it is more effective if different mul- 
ti-pass control operations are performed depending 40 
on a difference in unit colors or mixed colors. For ex- 
ample, when "boundary blurring 0 is conspicuous tike 
at a boundary between yellow and black, the pass in- 
terval between these colors may be set to be longer 
than those for the remaining colors, or the print duties 45 
of the respective colors to be added when the print ink 
density is obtained may be multiplied with different 
weighting coefficients. 

For example, in the eighth embodiment, in the col- 
or-sequential multi-pass print operation, the pass in- so 
terval is fixed independently of colors. When different 
multi-pass intervals are set depending on a color dif- 
ference, "boundary blurring" can be more effectively 
prevented. In our experiments, when the color-se- 
quential four-pass print operation was performed in 55 
the order of cyan, magenta, yellow, and black, the 
print interval between yellow and black was set to be 
longer than that for the remaining colors so as to ef- 



fectively prevent "boundary blurring". 

In the above embodiments, as an example of the 
thin multi-pass print method, the method of thinning 
print data of each unit color into checkerboard or in- 
verted checkerboard patterns, and performing a multi- 
pass print operation using these patterns has been 
described. However, a thinning method of print data 
is not limited to this. 

In the above embodiments, the print duty detect- 
ing means and the print ink density predicting means 
are arranged at the input side of the thin- print data 
forming means. However, these means may be ar- 
ranged at the output side of the thin- print data forming 
means. Alternatively, the above-mentioned means 
may be arranged at both the input and output sides of 
the thin-print data forming means to detect a print duty 
and to predict a print ink density, thereby finely con- 
trolling multi-pass intervals according to these sig- 
nals. Thus, further remarkable effects can be provid- 
ed. 

In the above embodiments, the multi-pass inter- 
val control is performed using one parameter. How- 
ever, it is more effective that the multi-pass interval is 
finely controlled using some of a (unit color) print duty 
signal, a (mixed color) print ink density signal, and a 
relative humidity signal. 

Furthermore, the above embodiments may be 
combined with multi-pass interval control based on a 
difference in types of recording media (a PPC paper 
sheet, an ink jet coat sheet, and the like) and a differ- 
ence in recording modes (a two-pass mode, a four- 
pass mode, and the like). 

In the fourth embodiment, control is made using 
the maximum print duty. Alternatively, control may be 
made by detecting an average value in one line. 

In the sixth embodiment, a means for detecting 
not only the relative humidity but also the temperature 
may be used, and the multi-pass interval may be fine- 
ly controlled based on both the relative humidity and 
the temperature near a recording unit, thus providing 
further remarkable effects. 

In this manner, a recording interval used when a 
desired image is obtained by recording thin images a 
plurality of number of times on a single region of a re- 
cording medium is properly controlled according to a 
predetermined condition such as the print duty, envir- 
onmental condition, and the like. Therefore, a high- 
quality image free from blurring can be obtained with- 
out decreasing the throughput 

[Others] 

The present invention brings about excellent ef- 
fects particularly in a recording head and a recording 
device of a system, which comprises means ( .g., an 
electrothermal converting element, laser light, and the 
like) for generating heat energy as energy utilized 
upon xecution of ink jection, and causes a change 
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in state of an ink by the heat energy, among the ink 
jet recording systems. According to this system, a 
high-density and high-definition recording operation 
can be attained. 

As to its representative construction and princi- 
ple, for example, one practiced by use of the basic 
principle disclosed in, for instance, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferred. The above sys- 
tem is applicable to either one of the so-called on-de- 
mand type and the continuous type. Particularly, the 
case of the on-demand type is effective because, by 
applying at least one driving signal which gives rapid 
temperature elevation exceeding nucleus boiling cor- 
responding to the recording information on electro- 
thermal converting elements arranged in a range cor- 
responding to the sheet or liquid channels holding liq- 
uid (ink), heat energy is generated by the electrother- 
mal converting elements to effect film boiling on the 
heat acting surface of the recording head, and conse- 
quently the bubbles within the liquid (ink) can be 
formed in correspondence to the driving signals one 
by one. By ejecting the liquid (ink) through an ejection, 
port by growth and s hrinkage of t he bubbl e, at least 
one dro^Vfslome^. B y m 
into pulse shapes, growth and shrinkage of the bubble 
can be effected instantly and adequately to more pre- 
ferably accomplish ejection of the liquid (ink) particu- 
larly excellent in response characteristics. As the driv- 
ing signals of such pulse shapes, the signals as dis- 
closed in U.S. Patent Nos. 4,463,359 and 4,345,262 
are suitable. Further excellent recording can be per- 
formed by using the conditions described in U.S. Pa- 
tent No. 4,313,124 of the invention concerning the 
temperature elevation rate of the above-mentioned 
heat acting surface. 

As a construction of the recording head, in addi- 
tion to the combined construction of an ejection ori- 
fice, a liquid channel, and an electrothermal convert- 
ing element (linear liquid channel or right angle liquid 
channel) as disclosed in the above specifications, the 
construction by use of U.S. Patent Nos. 4,558,333 
and 4,459,600 disclosing the construction having the 
heat acting portion arranged in the flexed region is 
also included in the invention. The present invention 
can be also effectively constructed as disclosed in 
Japanese La id-Open Patent Application No. 59- 
123670 which discloses the construction using a slit 
common to a plurality of electrothermal converting 
elements as an ejection portion of the electrothermal 
converting element or Japanese Laid-Open Patent 
Application No. 59-138461 which discloses the con- 
struction having the opening for absorbing a pressure 
wave of heat energy in correspondence with the ejec- 
tion portion. More specifically, according to the pres- 
ent invention, recording can be reliably performed 
with high efficiency regardless of constructions of re- 
cording heads. 

Furthermore, the present invention can be effec- 



tively applied to a full-line type recording h ad having 
a length corresponding to the maximum with of a re- 
cording medium, which can be used in recording of a 
recording apparatus. Such a recording head may 
5 have an arrangement which satisfies the length by 
combining a plurality of recording heads, or an ar- 
rangement as a single recording head which is formed 
integrally. 

In addition, of the above serial type recording 

10 heads, the present invention is effective for a record- 
ing head fixed to an apparatus main body, a recording 
head of the freely exchangeable chip type which en- 
ables electrical connection to the apparatus main 
body or supply of ink from the apparatus main body 

15 by being mounted onto the apparatus main body, or 
for the case by use of a recording head of the cartridge 
type, which has an ink tank provided integratedly on 
the recording head itself. 

It is also preferable to add a restoration means for 

20 the recording head, preliminary auxiliary means, and 
the like provided as a construction of the recording ap- 
paratus of the invention because the effect of the 
present invention can be further stabilized. Specific 
examples of them may include, for the recording 

25 head, capping means, cleaning means, pressuriza- 
tion or aspiration means, and electrothermal convert- 
ing elements or another heating element or prelimin- 
ary heating means according to a combination of 
them. It is also effective for stable recording to realize 

30 the preliminary ejection mode which executes ejec- 
tion separately from recording. 

Moreover, in the embodiments of the present in- 
vention, an ink is described as a liquid. Alternatively, 
the present invention may employ an ink which is sol- 

35 idified at room temperature or less, and is softened or 
liquefied at room temperature, or an ink, which is liq- 
uefied upon application of a use recording signal 
since it is a general practice to perform temperature 
control of the ink itself within a range between 30°C 

40 and 70°C in an ink jet system so that the ink viscosity 
can fall within a stable ejection range. In addition, a 
temperature rise caused by heat energy may be pre- 
vented by positively utilizing the temperature rise as 
energy for a change in state from a solid state to a liq- 

45 uid state of the ink, or an ink which is solidified in a 
non-use state for the purpose of preventing evapora- 
tion of the ink may be used. In any case, the present 
invention can be applied to a case wherein an ink, 
which can be liquefied by heat energy such as an ink 

so which is liquefied upon application of heat energy ac- 
cording to a recording signal, and is ejected in a liquid 
state, an ink which begins to be solidified when it 
reaches a recording medium, or the like may be used. 
In this case, an ink may be held in a liquid or solid state 

55 in recess portions or through holes of a porous sheet, 
as described in Japanese Laid-Open Patent Applica- 
tion No. 54-56847 or 60-71260, and the porous sheet 
may be arranged to oppose electrothermal converting 
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elements. In th present invention, the above- 
on ntioned film boiling syst mis most ffective for the 
above-mentioned inks. 

In addition, th ink jet recording apparatus of the 
present invention may be used as an image output ter- 
minal of an information processing equipment such as 
a computer, or a copying machine as a combination 
of the recording apparatus, a reader, and the tike, or 
a facsimile apparatus having a transmission/recep- 
tion function. 



Claims 

1. An ink jet recording method for recording a char- 
acter, a figure, or the like by ejecting an ink droplet 
from recording means comprising a plurality of 
ejection elements to a recording medium, 

wherein a desired image is obtained by re- 
cording thin images a plurality of number of times 
on a single region of said recording medium, and 
a recording interval upon execution of the plurality 
of number of times of recording operations is con- 
trolled to be set to be not less than a required mini- 
mum interval, which does not cause deterioration 
of image quality. 

2. A method according to claim 1 , wherein the thin 
images are recorded the plurality of number of 
times by moving said recording means relative to 
said recording medium a plurality of number of 
times. 

3. A method according to claim 2, wherein an inter- 
val of the relative movement is set to be not less 
than the required minimum interval. 



a required minimum interval. 

6. An apparatus according to claim 5, further com- 
prising moving means for moving said recording 
5 means relative to said recording medium, and 

wherein the plurality of thin images are recorded 
on said recording medium by performing relative 
movement by said moving means. 

10 7. An apparatus according to claim 6, wherein said 
setting means sets an interval of the relative 
movement to be not less than the required mini- 
mum interval. 

15 8. An apparatus according to any one of claims 5 to 
7, wherein said recording means ejects the ink by 
causing a change in state in the ink by heat ener- 
gy. 

20 9. An ink jet recording method for recording a char- 
acter, a figure, or the like by ejecting an ink droplet 
from recording means comprising a plurality of 
ejection elements to a recording medium, 

wherein a desired image is obtained by re- 

25 cording thin images a plurality of number of times 

on a single region of said recording medium, and 
a recording interval upon execution of the plurality 
of number of times of recording operations is 
properly controlled according to a predetermined 

30 condition. 

10. A method according to claim 9, wherein the re- 
cording interval upon execution of the plurality of 
number of times of recording operations is 
35 changed according to a print duty of said record- 

ing means. 



A method according to any one of claims 1 to 3, 
wherein said recording means ejects the ink by 
causing a change in state in the ink by heat ener- 
gy- 

An ink jet recording apparatus comprising: 

recording means comprising a plurality of 
ejection elements for ejecting an ink onto a re- 
cording medium; 

data generation means for generating a 
plurality of thin image data from desired image 
data; 



control means for controlling said record- 
i ng means to record the thin images a plurality of 
number of times on a single region of said record- 
ing medium on the basis of the plurality of thin im- 
age data output from said data generation means; 
and 

setting means for setting a recording inter- 
val upon execution of the plurality of number of 
times of re corjjinQ.operations.toJ3anotless.thBn- 



11. A method according to claim 9 or 10, wherein an 
environmental condition near a recording unit is 

40 detected, and the recording interval is changed 

according to the detected environmental condi- 
tion. 

12. A method according to claim 11, wherein at least 
45 one of a temperature and a relative humidity near 

the recording unit is detected as the environmen- 
tal condition. 

13. A method according to any one of claims 9 to 12, 
so wherein the thin images are recorded the plurality 

of number of times by moving said recording 
means relative to said recording medium a plur- 
ality of number of times. 

55 1 4. A method according to claim 1 3, wherein an inter- 
val of the relative movement is set to be not less 
than the required minimum interval. 



12 



04/16/2002, EAST Version: 1.03.0002 



23 



EP 0 516 420 A2 



24 



15. A method according to any on of claims 9 to 14, 
wherein said recording means ejects the ink by 
causing a change in state in the ink by heat ener- 
gy. 

16. An inkjet recording method for performing color 
image recording using a plurality of recording 
means for ejecting different color inks, 

wherein a print ink density of a mixed color 
print portion is predicted on the basis of print du- 
ties of said color recording means, and a record- 
ing interval is changed according to the predicted 
value. 

17. A method according to claim 16, wherein thin im- 
ages are recorded a plurality of number of times 
by moving said recording means relative to a re- 
cording medium a plurality of number of times. 

1 8. A method according to claim 1 7, wherein an inter- 
val of the relative movement is set to be not less 
than a required minimum interval. 

19. A method according to any one of claims 16 to 18, 
wherein each of said recording means ejects the 
ink by causing a change in state in the ink by heat 
energy. 

20. An ink jet recording apparatus comprising: 

recording means comprising a plurality of 
ejection elements for ejecting an ink onto a re- 
cording medium; 

data generation means for generating a 
plurality of thin image data from desired image 
data; 

means for causing said recording means 
to record the thin images a plurality of number of 
times on a single region of said recording medium 
on the basis of the plurality of thin image data out- 
put from said data generation means; and 

control means for properly controlling a 
scan interval upon execution of the plurality of 
number of times of recording operations. 

21. An apparatus according to claim 20, wherein said 
control means comprises detection means for de- 
tecting a print duty of said recording means, and 
changes the scan interval according to a detec- 
tion signal from said detection means. 

22. An apparatus according to claim 21, wherein 
when the detection signal indicates that the print 
duty is higher than a predetermined value, said 
control means sets the scan interval to be a first 
interval, and when the detection signal indicates 
that the print duty is lower than the predetermined 
value, said control means sets the scan interval 
to be a second interval shorter than the first inter- 



val. 

23. An apparatus according to claim 20, wherein said 
control means comprises detection means for de- 
5 tecting an environmental condition near a record- 

ing position of said recording means, and 
changes the scan interval according to a detec- 
tion signal from said detection means. 

10 24. An apparatus according to claim 23, wherein said 
detection means detects at least one of a temper- 
ature and a relative humidity near the recording 
position. 

15 25. An apparatus according to any one of claims 20 
to 24, further comprising moving means for mov- 
ing said recording means relative to said record- 
ing medium, and wherein the plurality of thin im- 
ages are recorded on said recording medium by 

20 performing relative movement by said moving 

means. 

26. An apparatus according to claim 25, wherein said 
control means sets an interval of the relative 

25 movement to be not less than a required minimum 

interval. 

27. An apparatus according to any one of claims 20 
to 26, wherein said recording means ejects the 

30 ink by causing a change in state in the ink by heat 

energy. 

28. An ink jet recording apparatus comprising: 

a plurality of recording means comprising 
35 a plurality of ejection elements for ejecting ink 

droplets in different colors to a recording medium; 

data generation means for generating a 
plurality of thin image data in units of colors from 
desired image data; 
40 means for causing said recording means 

to record the thin images a plurality of number of 
times on a single region of said recording medium 
on the basis of the plurality of thin image data out- 
put from said data generation means; and 
45 control means for properly controlling a re- 

cording interval upon execution of the plurality of 
number of times of recording operations on the 
basis of print duties of said plurality of recording 
means. 

50 

29. An apparatus according to claim 28, further com- 
prising moving means for moving said recording 
means relative to said recording medium, and 
wherein the plurality of thin images are recorded 

55 on said recording medium by performing relative 

movement by said moving means. 

30. An apparatus according to claim 29, wherein said 
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control means sets an interval of the relative 
mov m nt to be not less than a required minimum 
interval. 

31. An apparatus according to any one of claims 28 5 
to 30, wherein said recording means ejects the 

ink by causing a change in state in the ink by heat 
energy. 

32. Apparatus for printing by directing ink onto a me- 10 
dium, characterised by 

applying a first layer of ink over an area of 
the medium, 

waiting a predetermined period, and 

applying a second layer of ink to said area. f 5 
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